Dynamos and magneto-convection
The nuclear core at the centre of the Sun is surrounded by a fairly rigidly rotating radiative zone, above which lies a convection zone. However, this is not true of all stars. Low mass ( 0.35 solar masses M ) main sequence stars of spectral class M3 and greater, such as red dwarfs, are convective throughout their interiors [1, 2] , as are pre-main-sequence stars on the Hayashi track. Main sequence stars with masses in the range 0.35 M 2 (i.e. spectral class M3 to A2 with effective temperatures between 3200 and 9000 K) have a radiative zone surrounded by a convection zone [2] , although the proportional sizes of these two zones vary. For instance, main sequence stars-such as the Sun, with spectral class F2 to A2 (effective temperatures from 7000 to 9000 K)-have shallow convective envelopes. On the other hand, in warmer, more massive, main sequence stars, energy transport is dominated by radiation throughout the interior of the star. These changes in behaviour in the interior of the star have a marked effect on the typical magnetic field strength and magnetic activity of the star. Indeed, by comparing the Stokes V and I parameters with a number of stars, Reiners & Basri [1] find that fully convective stars appear to have less dominant large-scale fields and more small-scale, mixed polarity fields than solar-like stars, thus indicating that dynamo action within such stars may be different.
As the recent, and unexpectedly low, solar minimum from 2007 to 2010 has reminded us, understanding the true nature of the solar dynamo is not easy, not only because of the opaqueness of the solar interior but also because the global evolution of the Sun's magnetic field is highly dynamic and unpredictable. For the Sun, the interface between the radiative zone and the convection zoneknown as the tachocline-plays an important role and is the likely location for the generation of the large-scale sunspot-forming magnetic fields. However, dynamo action is not restricted to the tachocline, as new global and local numerical experiments of the convection zone-coupled with observations-are showing us. Instead, turbulent convection operates in a highly complex system where rotational shear, global circulation and boundary conditions on local and global scales are all important. Miesch [3] , describes the complexities behind the generation mechanisms of the Sun's magnetic field and explains the circulatory patterns within the solar interior.
Stein [4] focuses on the role of magneto-convection and explains the coupled behaviour of a fluid (plasma) undergoing convection and the magnetic field that permeates the fluid. Within the many stars that have no radiative zone, the dynamo action driven by magneto-convection is the likely magnetic field generation mechanism, and it is shown that this can produce both large-and small-scale fields. Obviously, where the magnetic fields are weak, the fluid motions dominate, dragging the field with them, but if sufficiently strong fields are generated then the fluid motions may be restricted by magnetic forces. Understanding this intricate coupling between the magnetic field and the plasma is key to determining the consequences of convective behaviour in stars.
Sunspots and surface magnetic fields
The largest magnetic features on the Sun's surface are sunspots. Large sunspots and sunspot groups may be seen with the naked eye (although this is definitely not a good idea), with the earliest recorded observation dating back to the fourth century BC by Chinese astronomer Gan De [5, p. 549] , who correctly recognized them as a solar phenomenon. Many centuries later, the West eventually acknowledged the existence of sunspots, post Galileo, and there have been continuous sunspot observations for more than 160 years, starting in 1849 at the Zurich Observatory.
The Sun is not unique in having spots. Numerous observations have been made of starspots on a range of other stars [6, 7] . The sizes, locations and lifetimes of starspots can be significantly different from those of sunspots. Indeed, young Sun-like stars appear to have massive starspots (or clusters of starspots) that may cover up to 50 per cent of their surfaces [8] . Both starspots and sunspots are created by the emergence of magnetic flux from the interior of the star through its surface.
The process of flux emergence is considered by Archontis [9] . Here, the non-trivial mechanism by which an omega-shaped magnetic loop fully emerges through the photosphere (the Sun's surface) to produce a pair of opposite polarity sunspots is considered. Furthermore, the effects of this emergence on the integrity of the flux tube and the consequences of the subsequent interaction of the newly emerged flux with the surrounding pre-existing magnetic field are discussed.
Sunspots are cooler than their surroundings and so, in the Sun's photosphere, they appear as dark patches when observed in white light. This is due to an absence or depletion in the observed light; thus, measuring their magnetic field strength on distant stars is not easy. On the Sun, however, new telescopes have revealed their amazingly intricate and detailed structure. Equally surprising is that now many of these details can be reproduced, such as the multi-angled penumbral field, light bridges and complex flow patterns found in observed sunspots. Rempel [10] shows the latest results from sunspot modelling and discusses the key physics behind the complex structure of sunspots.
Solar atmosphere
Flux emergence on the Sun occurs on a wide range of scales producing magnetic features with fluxes ranging over five to six orders of magnitude, from 10 20 -10 21 Mx down to 10 15 -10 16 Mx and probably even weaker. Rutten [11] gives an overview of the quiet-Sun photosphere and chromosphere (the atmospheric layer above the photosphere). The quiet-Sun photosphere is characterized by a carpet of small-scale magnetic features with fluxes around 10 18 Mx and less. The entire surface of some stars appears to be covered with similar carpets of mixed polarity flux, with no evidence of starspots [1] . In such stars, the photosphere and the overlying chromosphere may well be home to a range of highly dynamic phenomena that result from the continuous moving, shredding, coalescing and cancelling of the magnetic fields that thread the surface, as is observed on the Sun. Such behaviour is driven by the overshoots of convection cells from below the surface and results in ceaseless chromospheric upflows and downflows with a range of different speeds, frequencies and lifetimes. These flows, which may be important for energy transport in the solar atmosphere, are now beginning to be understood with the use of advanced numerical codes which, by necessity, must consider more complex physics than magnetohydrodynamic (MHD).
On larger scales, the behaviour of global magnetic fields of stars [12,13] and the Sun [14, 15] has been modelled using a combination of surface flux transport and potential flux source surface models. These potential models have been used to explain the structures and emission observed in solar and stellar coronae and to determine the amount of open flux from the Sun. Potential magnetic fields are field configurations with the lowest magnetic energy and thus such fields cannot be responsible for highly energetic events such as solar flares and coronal mass ejections (CMEs). Mackay [16] describes the new generation of solar global field models in which stresses may be built up over months, producing nonlinear forcefree magnetic fields. Not surprisingly, these models are much more successful in determining the location and chirality (twistedness) of filaments (prominences) and also in identifying which filaments may erupt forming CMEs. They are also better at predicting the amount of open flux from the Sun, demonstrating the importance of going beyond potential models.
Fundamental plasma processes
Magnetic fields embedded in a plasma are affected by two fundamental plasma physics processes: magnetic reconnection and MHD waves. The process of magnetic reconnection is one in which magnetic currents can be dissipated and magnetic fields may be permitted to globally restructure, thus reducing the magnetic energy of the system. This magnetic energy is converted to thermal energy, bulk acceleration of the plasma, as well as particle acceleration. Pontin [17] focuses on magnetic reconnection in three dimensions, revealing the wide range of types of reconnection, as well as the numerous magnetic field configurations in which they can occur. Reconnection was first proposed as a mechanism for powering solar flares, and so, naturally, it is likely to be a key mechanism for stellar flares. It is also likely to be important in heating solar and stellar coronae, and to be the key to many other astrophysical processes. Examples include the acceleration of jets from active galactic nuclei and gamma ray bursts [18] [19] [20] and the heating of the warm-ionized medium of galaxies [21] .
Traditionally, the study of MHD waves has focused predominantly on those waves found in plane parallel media, such as fast and slow magnetic acoustic waves and Alfvén waves. However, attention is increasingly turning to understanding the wave types and their behaviour in nonlinear three-dimensional media. In particular, the latest suite of space-and ground-based telescopes now regularly observes a wide range of wave modes, including Alfvénic waves and kink modes, which, as discussed by De Moortel and Nakariakov [22] may well play important roles in a wide range of different solar phenomena. Although extremely difficult to observe, waves will inevitably be present in almost all astrophysical objects, and so their existence and importance should not be forgotten when seeking explanations to observed astrophysical phenomena.
Atmospheric heating and flares
The high average temperatures seen in the outer atmosphere (corona) of the Sun are some 150-200 times hotter than the surface of the Sun, but the average coronal temperature of other, more rapidly, rotating stars can be a factor of 40 or more higher still. Pevtsov et al. [23] have shown that the average temperature of a star's corona is proportional to the strength of its magnetic field. This is clear from the Sun too, where the average coronal temperature is observed to be proportional to photospheric flux [24] . The nature of the magnetic activity on stars changes as the star loses angular momentum. Young, rapidly rotating stars show much larger and more frequent flares than the Sun, and they have a significantly stronger hard X-ray spectral irradiance. As the star ages and slows, magnetic activity decreases and the dominant coronal emission comes more from quiescent heating rather than flares [25] [26] [27] .
Parnell and De Moortel [28] present a contemporary review of coronal heating. It is now very clear that the heating of the corona cannot be considered in isolation, but is intrinsically linked to the heating of the chromosphere. These two regions form a strongly coupled system with heat transferred back and forth between them. The most likely heating mechanisms are described along with the supporting observations. Although solar flares require large-scale and intense regions of magnetic fields, they are distinct from coronal heating. During a solar minimum, many months and sometimes several years may pass without a solar flare, but the corona is maintained at a temperature of around a million degrees throughout each minimum. Furthermore, the frequency of flares is insufficient and their distribution too patchy to account for the heating of the entire corona. However, solar flares do result in enormous amounts of energy released very rapidly. In fact, they are some of the most spectacular events occurring on the Sun, but even larger stellar flares have been observed. A number of superflares, bright enough to be mistaken as gamma ray bursts and with increases in soft X-ray luminosity of more than a factor of 100 compared with the normal value, have been observed, e.g. on young rapidly rotating flare stars [29, 30] and magnetars [31, 32] .
Flares are typically associated with a major global restructuring of the magnetic field and they result in local heating of the corona and chromosphere, but also the acceleration of huge numbers of particles producing hard X-ray and gamma ray radiation. Finally, Vilmer [33] describes solar flares with a particular emphasis on particle acceleration, including both the latest observational and theoretical highlights.
Together, the articles in this Theme Issue of Philosophical Transactions of the Royal Society A provide a fascinating and up-to-date overview of many of the key astrophysical processes that occur not only on the Sun but also on many, if not most, other stars.
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